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Introduction
Since the 20th century, the phenomenon of microbial immuno-
suppression and its relationship with host tolerance has been 
reviewed.1 Mice infected on the footpad with Mycobacterium 
lepraemurium and simultaneously challenged with the same 
heat-killed microorganism were found to be hyporesponsive 
to infection.2 Surprisingly, host inter-specific microbial co-
stimuli have been associated with down-modulation of the 
immune response to helminthic infections, as well as to vac-
cines commonly used worldwide.3-6 This promiscuous immu-
nity probably occurs because once the suppressive response is 
activated, it seems to be nonspecific.7 More recently, however, 
a link between T suppressor cells and peripheral tolerance 
prolonged infection by Fonsecaea pedrosoi after 
antigenic co-stimulation at different sites in 
experimental murine chromoblastomycosis
alexandre paulo Machado,1 Maria Regina Regis silva2 and Olga Fischman3
1Adjunct Professor of Microbiology; Departamento de Ciências Básicas em Saúde; Universidade Federal de Mato Grosso; Cuiabá, Brasil; 2Adjunct Professor of 
Pathology; Departamento de Patologia da Universidade Federal de São Paulo; São Paulo, Brasil; 3Adjunct Professor; Departamento de Microbiologia;  
Imunologia e Parasitologia da Universidade Federal de São Paulo; São Paulo, Brasil
Key words: Fonsecaea pedrosoi, experimental chromoblastomycosis, prolonged infection, fungal pathogenesis, antigenic  
co-stimulation
Abbreviations: CBM, chromoblastomycosis; SDA, Sabouraud dextrose agar; PMNs, polymorphonuclear leucocytes;  
H&E, hematoxylin-eosin; KO, knockout; IL, interleukin; CD4, cluster of differentiation 4; CD8, cluster of differentiation 8; 
APC, antigen-presenting cell; Xid, X-linked immunodeficiency
induced after Leishmania major inoculation at two sites has 
been described.8,9
Over the past 15 years, evidence has accumulated that sup-
pressor cells such as CD4+CD25+ T regulatory cells (T regs) are 
important for peripheral tolerance and downregulation of various 
immune responses.10,11 The production of tolerant cells may be 
beneficial to hosts and parasites.7,12 For instance, the immunosup-
pressive response provoked by these cells can block the collateral 
tissue damage that results from excessive inflammation and can 
cause chronic infections, or even parasitic infection, as a result of 
microbial adaptation following an extended period of infection.13 
The control or regulation of the immune system to prevent or 
minimize the damage caused by immune reactivity to antigens 
or over-active immune responses to pathogens can be modulated 
In the present study, we examined prolonged infection after antigenic co-stimulation by inoculation of the fungus Fon-
secaea pedrosoi at two different sites in three mouse strains (BaLB/c, swiss and c57BL/6). Using this murine model of 
infection, we showed that antigen induction of infection at more than one site led to a local suppression of active lesions, 
which increased the time course of experimental chromoblastomycosis (cBM). Footpad infection with a simultaneous 
infection of the peritoneum or a mucosal site appeared to cause prolonged infection and frequent fungal disseminations. 
Using knockout (KO) mice, we observed that antigenic co-stimulation caused progressive illness in cD8-KO animals and 
an effective immune response in the absence of IL-10. In Xid mice, co-stimulation provoked chronic infection (not pro-
longed), suggesting that B1 B cells play an important role in the control of fungal infection. The tissue response to infection 
was similar in all co-stimulated mouse groups, as anatomopathologic sections revealed multifocal lesions (granuloma-like). 
In general, these mice had acute responses at primary antigenic sites with an intense migration of polymorphonuclear 
leukocytes (pMNs), whereas the distant infection sites (footpad) showed signs of chronic infection. The migration of 
pMNs to the secondary site (footpad) increased in the later periods of infection, especially after the disappearance of 
the primary antigenic focus. pMN migration was associated with lesion-dormancy breakage and fungal elimination. Our 
findings suggest that the host inflammatory/suppression mechanisms induced by antigenic co-stimulation to systemically 
fight the same pathogen act coordinately through responses that differ at the sites of infection between acute and chronic 
integrated healing processes that are more prolonged than an acute infection at a single site. however, the long persis-
tence of fungal cells in the host may be linked to microbial adaptation to a parasitic infection as observed in co-stimulated 
Xid mice.
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understanding the elementary immune mechanisms involved in 
the induction of persistent mycosis following antigenic stimu-
lation at multiple sites. Therefore, the main goal of the present 
study was to outline the murine immune response to microbial 
stimulation at two distinct sites using different antigen-present-
ing routes, viable and nonviable inocula, specific animal knock-
outs, and Xid mice, which are deficient in B1 B cells.
Results and Discussion
One-site infection. At 15 days after the inoculation of cells from 
broth cultures, the site of infection on the footpad showed the 
presence of conidia, fungal budding-cells that are oval or round 
in shape with a thick cell wall, and germinative tubes (small, thin 
hyphae probably resulting from conidia germination). Sclerotic-
like forms were observed an average of 25 days after infection.30 
In general, destruction of the conidia and small hyphae occurred 
as early as during the third week. The infected footpads showed 
an intense inflammatory response, which normally decreased 30 
to 35 days after inoculation (Graph 1). The disappearance F. 
pedrosoi infection at one site commonly regressed after 35 days 
due to an intense inflammatory response that was linked to an 
abundant PMN migration to the abscess. Acute infections with 
CBM agents and the production of neutrophilic abscesses or 
exudates after inoculation at a single site have previously been 
described.18,26,31,32 In a previous study, we observed that neutro-
phil degeneration in vivo may be a cause related to the control 
of F. pedrosoi population.30 Recently, an antimicrobial complex 
termed the neutrophil extracellular trap (NET), which is released 
after neutrophil degranulation, was reported to efficiently bind 
and kill microorganisms.33 It is likely that the fungicidal action in 
vivo may be a result of the cellular discharge of these complexes at 
sites of inflammation. Thus, the intensity of neutrophil infiltra-
tion may be a factor associated with host resistance, and it may 
interfere with the adaptive response of fungal pathogens, during 
which they may shift to parasitism.
either by immunosuppressive cellular contacts or by the produc-
tion of cytokines.7,13 Suppressive cells produce interleukin-10 (IL-
10) and exert strong anti-inflammatory effects.13,14 The severe 
human form of chromoblastomycosis (CBM) has been shown to 
correlate with high levels of IL-10, whereas low or moderate clini-
cal manifestations correlate with a lower production of IL-10.15
The local and systemic actions of lymphocytes may have dif-
ferent features for CBM disease. Fonsecaea pedrosoi infection 
in athymic mice with higher susceptibility regressed following 
the adoptive transfer of lymphocytes,16 thus demonstrating the 
importance of these cells in fungal control. The absence of CD4 
T cells has been reported as a factor that inhibits the ability of 
mice to defend against F. pedrosoi.17 On the other hand, the sig-
nificant migration of polymorphonuclear leukocytes (PMNs) 
to the inoculation site may be linked to resistance to F. pedrosoi 
infection.16,18,19 Macrophages may induce neutrophil apoptosis 
through membrane tumor necrosis factor (TNF).20 This apopto-
sis may lead to the release of complement proteins, microbicidal 
molecules, and oxidative enzymes, as well as the activation of 
phagocytes for subsequent clearance.21,22
The development of immune responses to antigens may 
depend on the interactions between reactive T cells and B cells.23 
Despite the professional antigen-presenting macrophages and 
dendritic cells, mature B lymphocytes play a pivotal role in auto-
immunity as antigen-presenting cells (APCs) as well as in cellular 
responses to self-antigens.24 Furthermore, the possible presence of 
B cells may also be important for the host “peripheral intolerant” 
response to non-self-antigens.
In general, animals inoculated at a single site with high 
parasitic burdens of F. pedrosoi cells have proven unsuitable as 
models of experimental CBM, especially because of the acute 
course of infections and efficient fungal elimination by the host 
response.18,19,25,26 However, inoculation of viable cells from a 
CBM agent at different peritoneal sites in mice allows increased 
fungal persistence.27-29 Following studies that showed increased 
host susceptibility to F. pedrosoi, we have become interested in 
Graph 1. co-stimulation of the footpad and the peritoneum caused an increase in footpad swelling as well as a prolonged infection in BaLB/c mice. 
The footpads of mice were measured every 15 days for 165 days after inoculation with F. pedrosoi. animals infected s.c. in the footpad with viable F. 
pedrosoi cells (triangles) generally presented an infection peak after 30 days and were healed after 60 days post-infection, whereas the lesions of mice 
co-stimulated by immunization i.p. with nonviable cells and a s.c. footpad infection with fungus had strong swelling and a slower healing rate (circles). 
The control group of animals was treated with 50 μL of pBs (uninfected footpad, squares). Data are shown with mean and se values; student’s t test  
(p < 0.001). Images of the footpads of mice stimulated at a single site (1) and at two sites (2) are shown at 30 days post-infection (left of the graph).
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inflammatory response at one infectious site (footpad) depends 
on the elimination of the antigenic stimulus at another site (peri-
toneum). Probably, the simultaneous immune response to specific 
pathogens at multiple sites resolves the infection only one site at 
a time. The natural attempt of the immune response to exhibit 
particular actions (sectoral) to eliminate one focus of infection at 
a time may be beneficial to the host as a whole. Indeed, necrosis 
of multiple sites or a strong inflammatory response at several sites 
would be extremely harmful to the host. However, prolonged 
infections are problematic as the length of time that the infection 
continues may allow the pathogen to adapt to the host by becom-
ing parasitic. Nevertheless, although prolonged infection was 
observed in the present study following co-stimulation, experi-
mental chronic disease due to CBM agents probably also depends 
on pre-adapted virulent fungal forms that resist the stress of the 
host conditions, including neutrophil action. Hence, the chronic 
course of the disease may be a function of such factors as fungal 
forms and host immunity.
The lack of host immunity has been attributed to the dissemi-
nation of sclerotic cells in an experimental CBM model with a 
deficient cellular immune response.16 Dissemination of sclerotic 
cells from the footpads to other sites, such as the scrotum, liver, 
tail, spleen, pancreas and viscera, has frequently been observed 
in co-stimulated mice (Fig. 2). The sclerotic cell disseminations 
were frequently observed 20 to 40 days post-infection. The cellu-
lar immune response is the most important mechanism of defense 
against fungi, and it is primarily mediated by neutrophils.34,35 
Therefore, compromising or suppressing their function increases 
host vulnerability to fungal infection.36 Infectious tolerance 
caused by humoral or cellular factors may suppress neutrophilic 
activity by means similar to infections by Aspergillus fumigatus.37
Co-stimulation of mucosa and footpad. The generation of 
systemic tolerance after oral antigen exposure is well established, 
and it generally requires high doses of antigen. To test whether 
fungal stimulation at two sites recognized to be routes of induc-
ing tolerance can also cause an immunosuppressive response, 
Co-stimuli. Inoculation of Leishmania major at two sites in 
BALB/c mice has been shown to induce the migration of regu-
latory T cells to one of the infection sites, resulting in greater 
infection persistence than in animals inoculated at a single site.9 
A type of chronic F. pedrosoi infection occurs following fungal 
inoculation at various peritoneal sites.27,28 Similarly, we observed 
that BALB/c mice stimulated at two sites (peritoneum and foot-
pad) with viable F. pedrosoi cells developed prolonged infection. 
Further experiments have shown that this long course of infec-
tion has also arisen when animals were inoculated with viable 
and nonviable cells at the footpad (s.c.) and peritoneum (i.p.), 
respectively. Surprisingly, the increase of the footpad volume and 
fungal persistence in animals inoculated at two sites with viable 
and nonviable cells were similar to those in animals inoculated 
at two sites with only viable cells. This demonstrated that the 
presence of antigens at different sites can stimulate inflamma-
tory reactions that are different from those triggered by unifocal 
stimuli (Graph 1), regardless of the cellular viability of the para-
site. This result was observed in all groups, including C57BL/6 
and outbred mice.
Thus, double-stimulated animals developed a prolonged ill-
ness that we believe to be a type of chronic infection. In addition, 
we observed different tissue responses in anatomopathologic sec-
tions of animals stimulated at one and two sites. Mice inoculated 
at a single site generally produced a more localized, neutrophil-
rich abscess,30 while groups concomitantly stimulated at more 
than one site showed multifocal lesions (granuloma-like) that 
were rich in histiocytes, especially on the footpad (Fig. 1). We 
frequently observed a neutrophilic abscess with the character-
istics of intense acute inflammation in the peritoneal tissue of 
co-stimulated animals. In the late periods of infection at approxi-
mately 50 to 60 days, the peritoneal abscess disappeared (total 
absence of antigen), and it was correlated with a decrease in the 
number of fungal cells (sclerotic bodies) in the multifocal lesions 
on the footpad and an increase in neutrophil migration to these 
sites. For this, we suggest that the development of an efficient 
Figure 1. Common histopathological findings of footpad tissue from mice stimulated at two sites; H&E. Focal lesions that were granuloma-like (A, 
40x) and rich in fungal cells (B, 400x) observed 30 days post-infection. (c) after 60 days of infection, lesions presented low numbers of sclerotic-like 
cells (arrows; 200x and insert 1000x), regions rich in histiocytes*h (clear cytoplasms due to cell-cell junctions) and organized focal lesions surrounded 
by fibroblasts*F (cells with elongated nucleus). (D) 90 days post-infection, high numbers of polymorphonuclear cells(*) were verified in focal lesions 
without the presence of fungal cells.
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of secondary infection and the subsequent prolonged infection 
in mice that were pre-stimulated (v.o.). The other group of mice 
received a single dose of the same cellular antigen injected in the 
pulmonary mucosa following a tracheotomy. BALB/c mice were 
concurrently stimulated via tracheal immunization (i.t.) and 
subcutaneously infected on the footpad. In the early periods of 
infection, they showed swelling similar to that seen after unifo-
cal infection, but the co-stimulated animals subsequently showed 
prolonged infection (Graph 3).
The prolonged infection of the footpad caused by such oral 
and pulmonary stimuli suggests that the footpad infection and 
immunization of both mucosal routes can promote peripheral 
tolerance to fungal antigens. Such tolerance is more apparent 
in groups previously treated v.o. with antigen prior to infection 
than in mice challenged i.t.; this is likely due to the previous 
immunization. In general, in both co-stimulation groups, the 
healing phase of the infectious process started after five months, 
contrary to animal groups inoculated at single site, which often 
healed after two months. Histological characteristics were simi-
lar for mice co-stimulated subcutaneously (s.c.)/intraperitoneally 
(i.p.). The footpad lesions of mucosally stimulated mice were also 
lessened during the phase of increase in neutrophil migration to 
the infection site (footpad) generally 
after 4 months, as seen in the group 
challenged i.p.
One- and two-site immune 
stimulation of CD4 KO, CD8 KO 
or IL-10 KO mice. We studied vari-
ous KO mice to verify the insights 
described above concerning murine 
peripheral tolerance to F. pedrosoi 
infection. Although KO animals 
infected at one site were generally 
more susceptible to fungal infection 
than wild-type mice (Graphs 4–6), 
the KO groups showed similar tis-
sue profiles and immune responses. 
However, the course of infection was 
different in the co-stimulated CD4 
KO mice and CD8 KO mice. For 
example, the CD4 KO mice showed significant footpad swelling 
soon after infection, but this had regressed in most cases by 60 
days (Graph 4). Some of the co-stimulated CD4 KO mice healed 
normally after 165 days. In contrast, CD8 KO mice co-stimulated 
presented larger necrotic lesions with progressive footpad swelling 
and no signs of healing (Graph 5). This suggests that a non-CD8 
lymphocyte population might be responsible for exacerbating the 
peripheral tolerance. Suppressed host immune responses against 
chromoblastomycosis agents may be related to the induction of 
a specific population of T cells.38 Thus, mice stimulated at two 
sites can display a late protective response in the absence of T cell 
CD4 receptors (healing after 165 days), whereas CD8 KO ani-
mals have severe, progressive infection. This suggests that there 
is an increase in suppressor activity that is specific to F. pedrosoi 
antigens at secondary infectious foci in the absence of the CD8 
receptor. In histological sections, neutrophilic abscesses were seen 
we inoculated nonviable cells in the oral or pulmonary mucosa 
before infecting the footpad. At that point, the concept of “super-
infection” as an inducer of immune tolerance seemed unclear 
because the responses were similar in animals that were co-
stimulated independently if the primary site was inoculated with 
viable or nonviable fungal cells. Indeed, intense inflammatory 
responses and efficient fungal control have been shown to corre-
late with high inoculum concentrations in animals that received 
stimuli at one site.30
A total of 50 μL of 1 x 106 cells/mL heat-killed F. pedrosoi 
cells were given orally approximately three times weekly. In mice 
immunized orally prior to infection, footpad swelling was less 
intense, and the lesions stabilized two months after fungal inocu-
lation (Graph 2). This result suggests that antigenic co-stimu-
lation can increase peripheral tolerance to F. pedrosoi infection, 
as evidenced by the lower initial inflammatory response at the site 
Figure 2. Metastasis of sclerotic-like cells in animals stimulated at two 
sites. (a) Mouse infected in the footpad with F. pedrosoi cells; the animal 
received a simultaneous immunization i.p. with heat-killed fungal cells. 
(B) common morphology of sclerotic-like cells that migrated to other 
sites, 1000x.
Graphs 2 and 3. Kinetics of footpad lesions in BaLB/c mice infected with viable F. pedrosoi cells that 
received oral (graph 2) or pulmonary (graph 3) mucosal stimuli with nonviable fungal cells. Data are 
shown as the mean +/- SE. The Student’s t test was used to verify the significance between co-stimula-
tion and footpad infection (one site) data; p > 0.05.
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has been used in many ways, including for infections at more 
than one site. We believe that this term should only be used when 
high parasite concentrations are administered at a single local-
ized site or occasionally for endogenous infections. However, 
when a host receives the same stimuli at multiple sites, the terms 
“multifocal” or “multi-site infection” may be preferable. Another 
insight provided by this study is the possibility that APCs from 
different sites have different properties that contribute to immu-
nosuppression in different ways in systemically dependent and 
locally independent fashions. Thus, our observations suggest 
that co-stimulation with antigen induces the immune system to 
respond differently at each local site, depending on the systemic 
whole to solve a multifocal problem. If this reasoning is accurate, 
the antigenic co-stimulation phenomenon involved in immuno-
suppressive responses may be important to our understanding of 
peripheral tolerance.
on tissues from all animals infected 
at a single site (s.c.), and focal lesions 
rich in histiocytes were seen in groups 
stimulated at two sites (i.p./s.c).
IL-10 has been described as an 
important cytokine in chronic infec-
tions. High levels of IL-10 have been 
detected after immune co-stimu-
lations.9,39 In our investigation, the 
IL-10 KO groups showed a similar 
ability to eliminate fungal infection 
that was independent of the number 
of inoculation sites and histopatho-
logical profiles (in co-stimulated 
IL-10 KO mice, we also observed 
multifocal lesions). This indicates 
that infection is not prolonged in the 
absence of IL-10, especially in co-
stimulated mice. The findings that 
co-stimulated IL-10 KO animals did 
not have prolonged infection (Graph 
6) and that tissue reactions were sim-
ilar to those of other groups of mice 
stimulated at two sites indicate that 
these cytokines can play an impor-
tant role in modulating suppressive 
immunity to experimental infection with F. pedrosoi.
Infections of B1 B cell-deficient mice and irradiated mice. 
The footpad lesions of Xid mice infected at a single site decreased 
similarly to the infected BALB/c mice (Graph 7). However, Xid 
mice stimulated at two sites (s.c. and i.p.) presented infections 
that generally lasted more than eight months, which we char-
acterized as chronic infection (not prolonged), including lesion 
stability and the presence of only sclerotic cells after six months. 
After four months, disorganized and enlarged focal lesions with 
a great number of fungal cells, such as conidiogenic cells and 
small and thin hyphae, were observed in co-stimulated Xid mice 
(Fig. 3A and B). However, both lesions were small and encom-
passed with a low number of sclerotic cells and without thin hyphae 
eight months after infection (Fig. 3C and D). Fungal elimination 
in the footpad in irradiated, co-stimulated BALB/c mice took lon-
ger than in the group inoculated at a single site (Graph 8). This 
host response may be the result of repopulation with peritoneal B1 
B cells. Thus, multiple antigenic stimuli caused chronic infection 
in the absence of B1 B lymphocytes; in the presence of these cells, 
the outcomes were abrogated. It is therefore possible that the B cell 
population plays antagonistic roles in the suppressive response.
Finally, this model of “infectious tolerance” by antigenic co-
stimulation with viable and nonviable antigens can be expanded 
to experiments with other fungal agents that are used to evoke 
prolonged or chronic infections. However, microbial cells or 
potentially infective forms should be employed for experimen-
tal murine infections, because these immunosuppressive tools as 
antigenic co-stimulation are only auxiliary means to increase the 
chances of obtaining prolonged infections or chronic diseases in 
certain immunocompromised hosts. The term “superinfection” 
Graphs 4 and 5. cD4 KO and cD8 KO mice that were footpad infected with viable F. pedrosoi cells 
and co-stimulated i.p. with heat-killed fungal cells (co-stimulated). In the early periods post-infection, in-
creased swelling was observed in the footpads of the two animal groups. animals in the cD4 KO group 
had a decrease in inflammation after 60 days (Graph 5). CD8 KO mice did not heal and showed a strong 
progressive enlargement of the footpad (Graph 6). Data are shown with mean and SE values; an ANOVA 
test was used for Graphs 5 and 6; p < 0.05. In the right panel are pictures of histopathological sections 
from the footpad of a one-site infected cD8 KO mouse at 30 days (a) and enlarged footpads after 150 
days from cD8 KO mice that were co-stimulated (B).
Graph 6. co-stimulated IL-10 KO mice presented with progressive 
inflammation of the footpads early after infection and healed after 60 
days; this was similar in all animal groups. a one-way aNOVa was per-
formed for the IL-10 group; p > 0.05.
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Materials and Methods
Mice. Lineages of 6- to 8-week-old mice weighing approximately 
23 g were used throughout this study. The specific-pathogen-
free animals were purchased from the Center of Development 
for Experimental Models to Medicine and Biology (CEDEME/
UNIFESP) and from the Biotery of Isogenic Mice of the 
Department of Immunology of Sao Paulo University (ICB/
USP), Sao Paulo, Brazil. The protocol used was approved by the 
UNIFESP Ethics Committee (project 0808/05). Thirty mice 
were used for each group. A lethal dose of two cycles of 300 rad 
was administered individually to one group of BALB/c mice 
because of the radiosensitivity of peritoneal B1 B cells. All experi-
mental procedures were conducted in accordance with standard 
guidelines on the use and care of laboratory animals.40-42
Microorganism. Fonsecaea pedrosoi strain EPM-380/03, 
isolated from a patient with CBM examined in 2003 in the 
Dermatology Outpatient Department of the Federal University 
of Sao Paulo (UNIFESP), was cultivated on Sabouraud dextrose 
agar (SDA, DIFCO Laboratories, Detroit, MI) supplemented 
with 80 mg/L gentamicin at a temperature of 25°C. The F. 
pedrosoi strain was subcultured every 15 days into SDA with gen-
tamicin. To enhance fungal virulence, the F. pedrosoi was intrap-
eritoneally reinoculated three times in animals at concentrations 
of 1 x 108 cells/mL and recovered 12 days later in MycoselTM 
agar (BD BBL, Franklin Lakes, NJ 
USA).27
Inocula. Fungal cultures were 
incubated in 300 mL potato dextrose 
broth (PDB, DIFCO Laboratories) 
supplemented with 80 mg/L gen-
tamicin and 0.05 mg/mL chloram-
phenicol, pH 5.7, at 30°C for 30 
days in cylindrical 1-L glass bottles 
(KIMAX® GL-45, DAIGGER Lab 
Equipments and Supplies) at 100 
rpm on a gyratory shaker. These 
cultures were then filtered twice 
through 11 μm filter paper (Grade 
n°. 1, Whatman), and the cells were 
recovered by centrifuging the filtrate 
at 3,000 xg for 10 min. Conidia 
and yeast-like forms were the most 
abundant cell types based on light 
microscopy.
F. pedrosoi cells were washed 
and concentrated three times in 
phosphate-buffered saline (PBS). 
Inoculum viability was determined 
using a LIVE/DEAD® Cell Vitality 
Assay Kit (L34951, Invitrogen, 
probes . inv it rogen.com /media /
pis/mp34951.pdf) and fluorescent 
microscopy. The viability of inocula 
suspensions was generally more than 
98% of total cells. The suspensions 
Graphs 7 and 8. Deficiency in B1 B cells causes an increase of host 
susceptibility to F. pedrosoi infection in co-stimulated mice. co-stimu-
lated Xid were chronically infected (Graph 7). Immune control of the 
fungus in irradiated animals generally occurs after 90 days post-infection 
(Graph 8). Data are shown with mean and SE values. An ANOVA 
was used for analyses of significance for Xid mice (p < 0.05), and the 
student’s t test was used for the irradiated mice as well as the BaLB/c 
footpad infection data (p = 0.0304).
Figure 3. histopathological characteristics of focal lesions in Xid mice 4 and 8 months post-co-
stimulation; H&E. Larger and irregular lesions of the footpad (A, 100x) with high numbers of thin, small 
hyphae, conidia and conidiogenous cells (B, 400x) four months post-infection. small and well-organized 
granuloma-like lesions (c, 100x) with a small number of sclerotic-like cells (D, 200x and insert 1000x) 
were observed after eight months.
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BALB/c mice deficient in B1 B cells and mice that had been irra-
diated (see animal groups in “Mice”).
A 50 μL volume of PBS was administered to five mice in 
each of the three lineage groups (BALB/c, Swiss, C57BL/6) to 
serve as negative controls. Swelling was monitored every week, 
up to a maximum of 165 days, using a Mitutoyo digital caliper 
(www.mitutoyo.com). Footpad volume was calculated based on 
height and width measurements and the mathematic formula for 
the volume of a cylinder. Results are expressed as mean ± SE. 
Based on normality data, as defined by the omnibus normality 
test of D’Agostino and Pearson, significant differences were deter-
mined using the Student’s t and ANOVA tests (Prism software, 
www.prism-software.com). Three animals from each group were 
sacrificed and organs were removed weekly from groups infected 
unifocally or monthly from mice inoculated at two sites. A por-
tion of each specimen of infected tissue was cultivated on SDA 
at 37°C for 20 days. Tissue fragments of peritoneal abscesses and 
infected footpads were clarified with 20% KOH Parker ink for 
observation by direct microscopy.
Histopathology. Tissue specimens were left in 10% formalin 
for more than 12 hours, irrespective of whether they contained 
macroscopic black spots or not. Bone tissue from the feet was 
decalcified with 5% ethylenediaminetetraacetic acid (EDTA).43 
The specimens were embedded in paraffin, and serial sections 
with a thickness of 3–5 μm were stained with hematoxylin-eosin 
(H&E).28
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containing fungal forms were adjusted in PBS to concentrations 
of 1 x 106 cells/mL in a Neubauer chamber.
Mucosal antigenic and peritoneal stimulation. Fungal inoc-
ula were autoclaved in 50-mL Falcon tubes for 20 min at 121°C. 
Approximately 50 μL of autoclaved inoculum containing dead 
cells were orally administered (v.o.) with a gavage needle three 
times a week to BALB/c mice, and after the last dose of the week, 
the footpad was simultaneously infected by the subcutaneous 
(s.c.) route with viable fungal cells. The other BALB/c group was 
tracheotomized for an injection of 50 μL of heat-killed inocu-
lum into the pulmonary mucosa. The remaining groups were 
inoculated intraperitoneally (i.p.) with approximately 100 μL of 
heat-killed inoculum. Animal groups stimulated at two sites were 
immunized and subsequently infected, except for the ones previ-
ously treated v.o.
Infectious immune stimulation at one and two sites. Ten 
minutes prior to infection, animals were anesthetized i.p. with 
0.4 μL of Anasedan and 0.35 mL of Dopalen per kg body weight 
(www.vetbrands.com.br). Three groups of mice (BALB/c, Swiss, 
C57BL/6) were infected s.c. on the plantar side with 50 μL of 
viable inoculum. Another three groups of the same lineages were 
infected with viable inocula on the footpad and peritoneum. 
After distinct host reactions were observed among the BALB/c 
mice infected at one or two sites, we i.p. immunized the co-stim-
ulated (two-site stimulation) group with 100 μL of heat-killed 
fungal cells, and subsequently infected the footpad s.c. with 
50 μL of viable inoculum.
In this study, we also aimed to analyze cellular responses in 
vivo following double stimulation (i.p. and s.c.). We used groups 
of animals with knockouts of CD4, CD8 or IL-10, as well as 
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